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SCALABLE LOGIC SELF-TEST 
CONFIGURATION FOR MULTIPLE CHIPS 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application contains subject matter Which is related 
to the subject matter of the following application, Which is 
assigned to the same assignee as this application and Which 
is hereby incorporated herein by reference in its entirety: 

“Simultaneous AC Logic Self-Test of Multiple Clock 
Domains,” Rich et al., Ser. No. 10/753,801, ?led Jan. 8, 
2004. 

TECHNICAL FIELD 

This invention relates generally to testing integrated cir 
cuit chips, and, more particularly, to a scalable con?guration 
for logic self-testing of multiple clock domains and/or 
multiple chips. 

BACKGROUND OF THE INVENTION 

Integrated circuit (IC) chips are becoming increasingly 
complex, such that Systems on a Chip (SoC’s) are becoming 
more commonplace. SoC’s comprise multiple indepen 
dently designed logic functions combined on a single chip to 
perform complex operations. The independently developed 
logic circuits each have an independently designed clock 
domain, the frequency thereof being optimiZed to meet 
particular performance criteria. Each circuit is designed as a 
general macro Without a priori knowledge of ?nal chip 
packaging, Which presents a challenge for logic built-in 
self-testing (LBIST) of the IC package. Currently, LBIST 
for such SoC’s involves independent testing of each clock 
domain, requiring detailed a priori knoWledge of the clock 
domain frequency requirements as Well as additional test 
design overhead to achieve desired results. An even further 
challenge is presented by logic self-testing of multiple chips 
on a card. 

Accordingly, it is desirable to provide a robust logic 
built-in self-test (LBIST) structure that applies to an aggre 
gation of independently developed circuits, Without requir 
ing a priori knoWledge of independent clock domain require 
ments. It is further desirable that such a LBIST structure be 
applicable to testing multiple chips in a system, Without 
sacri?cing repeatable chip signatures. 

SUMMARY OF THE INVENTION 

The shortcomings of the prior art are overcome and 
additional advantages are provided through a scalable logic 
self-test control con?guration that provides for synchronous 
testing of multiple independent clock domains Within a chip 
and/or across multiple chips. 

In accordance With an aspect of the present invention, a 
command transfer control hierarchy comprises a plurality of 
control levels, including a ?rst level comprising a master 
command transfer control, and including at least one addi 
tional loWer level, each loWer level having a plurality of 
command transfer controls con?gured serially, each com 
mand transfer control of a last level being associated With at 
least one of the clock domains. A communication protocol 
provides for communicating commands among the control 
levels, such that command activation signals are immedi 
ately propagated serially from the ?rst level to loWer levels, 
and serially across command transfer controls in each level; 
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2 
and further such that command deactivation signals are 
communicated serially among and across control levels 
upon receipt of feedback from all loWer levels that a 
commanded operation has been completed. 

Systems and computer program products corresponding 
to the above-summarized methods are also described and 
claimed herein. 

Further, additional features and advantages are realiZed 
through the techniques of the present invention. Other 
embodiments and aspects of the invention are described in 
detail herein and are considered a part of the claimed 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The subject matter regarded as the invention is particu 
larly pointed out and distinctly claimed in the claims at the 
conclusion of the speci?cation. The foregoing and other 
objects, features, and advantages of the invention are appar 
ent from the folloWing detailed description taken in con 
junction With the accompanying draWings in Which: 

FIG. 1 is a block diagram illustrating a typical LBIST 
con?guration; 

FIG. 2 depicts an OPCG con?guration in support of 
internal and asynchronous boundary logic for an exemplary 
clock domain having N asynchronous boundary interfaces in 
accordance With an exemplary embodiment of US. patent 
application Ser. No. 10/753,801, entitled “Simultaneous AC 
Logic Self-Test of Multiple Clock Domains”; 

FIG. 3 depicts an exemplary hierarchical con?guration of 
a system in accordance With an aspect of the present 
invention utilizing a single chip comprising multiple inde 
pendently developed clock domains; 

FIG. 4 is a block diagram illustrating details of an 
exemplary command transfer block such as that utiliZed in 
FIG. 3; 

FIG. 5 is a table illustrating operation of a command 
transfer block such as that illustrated in FIG. 3; 

FIG. 6 is a table illustrating operation of an exemplary 
OPCG such as utiliZed in FIG. 3; 

FIG. 7 is a timing diagram illustrating operation of the 
con?guration of FIG. 3; and 

FIG. 8 depicts an exemplary hierarchical con?guration of 
a system in accordance With an aspect of the present 
invention utiliZing multiple IC chips, each comprising inde 
pendently developed clock domains. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Presented herein is a technique for con?guring a scalable, 
hierarchical test structure for synchronous self-testing of 
multiple independently developed clock domains on a single 
IC chip or across multiple IC chips on a card. The technique 
is described herein speci?cally With reference to an LBIST 
(logic built-in self-test) structure, but may be applied to 
other IC testing structures, as Will be appreciated by those of 
ordinary skill in the art. 

FIG. 1 is a block diagram of a typical LBIST system 10. 
A pseudo random pattern generator (PRPG) 12 comprises 
linear feedback shift registers for generating random pat 
terns to feed latches con?gured as multiple scan channels 14. 
The output from each scan channel 14 provides a bit in a 
multiple input signature (MISR) register 16. MISR 16 
comprises linear feedback shift registers for ensuring that a 
unique bit pattern signature is compressed into the MISR at 
the completion of an LBIST sequence. An LBIST sequence 
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comprises multiple LBIST cycles; and an LBIST cycle 
comprises a full scan load of all channels, followed by a 
functional system clock. Each subsequent scan load also 
simultaneously compresses a running signature into the 
MISR. The LBIST sequence is controlled by a Self-Test 
State Machine 18, Which provides control signals to each 
OPCG(1-n) 20. Once an LBIST sequence is completed, 
MISR 16 Will have a signature value that only matches a 
“good chip” signature, i.e., the signature of a properly 
functioning chip, if the chip under test also matches the good 
chip behavior. The system clock generated during LBIST by 
the OPCG has the same frequency as that generated by the 
OPCG during normal operation, thereby ensuring proper 
operation at machine speed. 

In accordance With US. patent application Ser. No. 
10/753,801, entitled “Simultaneous AC Logic Self-Test of 
Multiple Clock Domains,” ?led concurrently hereWith and 
assigned to the instant assignee, a technique is provided for 
simultaneous logic self-testing, e.g., LBIST, of internal logic 
and asynchronous boundary requirements of an IC having a 
plurality of clock domains. (A particular clock domain refers 
to a speci?ed oscillator and a speci?ed frequency.) The 
self-testing may be selectively performed on internal logic 
or asynchronous boundaries, or any combination thereof, of 
selectively chosen clock domains, or any combination 
thereof. US. patent application Ser. No. 10/753,801, entitled 
“Simultaneous AC Logic Self-Test of Multiple Clock 
Domains” is incorporated by reference in its entirety. 

FIG. 2 illustrates an exemplary on product clock genera 
tion (OPCG) logic core structure 30 interfacing With N clock 
domains in accordance With US. patent application Ser. No. 
10/753,801, entitled “Simultaneous AC Logic Self-Test of 
Multiple Clock Domains,” cited hereinabove. OPCG 30 
receives commands from self-test state machine (STSM) 18, 
or another serially connected OPCG, and provides to asyn 
chronous receive clock drivers 32 a functional clock 
sequence during normal operation, and a scan clock 
sequence or capture clock during LBIST testing operation. 
In the illustrated structure of FIG. 2, each respective ?rst 
through Nth clock domain has a respective asynchronous 
receive clock driver 32 associated thereWith. In FIG. 2, data 
lines are represented as solid lines; and control lines are 
represented as dotted lines. 
OPCG 30 is illustrated in FIG. 2 as comprising a ?rst logic 

stage (Logic Stage A) 36, Which generates an appropriate 
clock sequence, i.e., a test or functional clock sequence, in 
response to the command and mode of operation from 
STSM 18 (or other OPCG). During the normal mode of 
operation, there are no state transitions in the OPCG con 
?guration, and only normal functional clocks are generated 
by logic stage 36 until STSM 18 signals a change in mode 
of operation, e.g., to LBIST mode. In LBIST mode, logic 
stage 36 generates scan clock sequences along With a single 
functional clock sequence. In particular, an exemplary 
LBIST iteration, or cycle, begins in the LBIST scan state, 
Wherein scan clocks are generated. Upon completion of 
scanning operations, the cycle sWitches to the LBIST system 
clock state, Wherein system clocks are generated in accor 
dance With exemplary embodiments of the present invention 
to test simultaneously and/or selectively the internal logic 
and asynchronous boundaries. The next LBIST iteration 
then begins by sWitching back to the LBIST scan state. The 
STSM determines the number of LBIST iterations, or 
cycles, to perform, before sWitching back to the normal 
mode of operation. 
OPCG core 30 is illustrated in FIG. 2 as comprising a 

second logic stage (Logic Stage B) 38 for determining the 
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4 
type of clock sequence to send to the asynchronous receive 
clock drivers 32, and for forWarding the respective clock 
sequences to driver logic 48. In particular, logic stage 38 
distributes the clock signals from Logic Stage A, depending 
on the mode of operation. In LBIST system clock mode, 
logic stage 38 blocks the launch clocks to the asynchronous 
receiver clocks. As illustrated in FIG. 2, all clock signals 
may comprise a delay 44 for synchronizing OPCG clock 
commands among multiple OPCG’s that are serially con 
nected during an LBIST operation. 

In one embodiment, the ?rst logic stage 36 generates 
multiple scan clocks, as de?ned by a programmable counter 
(not shoWn), such that STSM 18 initiates the scan sequence 
for LBIST operation With one command, as an alternative to 
individual scan clock commands from the STSM. 

For each asynchronous boundary, a common asynchro 
nous boundary receive clock driver 32 is connected to 
OPCG 30. The control signal from OPCG logic stage 38 
selects path 50 With delay 54 only during an LBIST system 
clock state, and path 52 (i.e., Without a delay) otherWise. 
That is, in the LBIST system clock state of the LBIST mode 
of operation, the clock driver 32 is subject to programmable 
delay 54, such that the capture of signals at the asynchronous 
boundary receiver latches (not shoWn) Will be subject 
thereto. In an LBIST scan state, the control signal from logic 
stage 38 selects path 52. And during the normal mode of 
operation, asynchronous boundary receive clock driver 32 
generates the normal operational clock sequence on path 52. 
As illustrated in FIG. 2, enable signals 60 may be pro 

vided via logic 62 (e.g., AND gates) in the OPCG and 
asynchronous boundary receive clock drivers in order to 
alloW for selective testing on internal logic or asynchronous 
boundaries, or any combination thereof. For example, selec 
tive logic self-testing may be performed in the folloWing 
exemplary combinations: internal logic and asynchronous 
boundaries of a single clock domain on an IC; internal logic 
and asynchronous boundaries of multiple clock domains, 
each of Which may be operating at a different frequency; 
internal logic and asynchronous boundaries of multiple 
clock domains, each of Which may be running from an 
independent oscillator, i.e., having no phase alignment 
requirements; asynchronous boundaries of multiple asyn 
chronous interfaces Within a single clock domain; asynchro 
nous boundary requirements of multiple clock domains, any 
of Which may have multiple asynchronous interfaces; inter 
nal logic only of multiple clock domains; and so on. 

In accordance With one aspect of the present invention, a 
scalable, hierarchical con?guration is provided for synchro 
nous logic self-testing of multiple clock domains Within a 
single chip or across multiple chips. 

FIG. 3 illustrates an exemplary control con?guration 
comprising a hierarchy of command transfer blocks 100, 
200 and 300 in accordance With an aspect of the present 
invention for synchronous self-testing of multiple clock 
domains on a single chip 102. By Way of example only, 
command transfer block 200 is illustrated as controlling 
commands to three clock domains 110*112, each clock 
domain 110*112 respectively being associated With a sepa 
rate OPCG 120*122, respectively; and command transfer 
block 300 is illustrated as controlling commands to tWo 
clock domains 113*114, each clock domain 113*114 respec 
tively being associated With a separate OPCG 123*124, 
respectively. Exemplary OPCG’s 120*124 comprise struc 
tures, such as illustrated in FIG. 2 and described herein 
above, for testing multiple clock domains and asynchronous 
boundaries in accordance With US. patent application Ser. 
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No. 10/753,801, entitled “Simultaneous AC Logic Self-Test 
of Multiple Clock Domain,” cited hereinabove. 

In accordance With an aspect of the present invention, 
command transfer blocks are utilized to implement a hier 
archical control structure. In the exemplary single-chip 
con?guration of FIG. 3, the ?rst level command transfer 
block 100 communicates With STSM 18; and, in turn, the 
?rst level command transfer block 100 communicates With 
the second level command transfer blocks 200 and 300. In 
a multiple-chip control structure, such as illustrated in FIG. 
7 and described in more detail hereinbeloW, additional levels 
of command transfer are provided such that a command 
transfer block controlling one chip is coupled to a command 
transfer block controlling another chip, alloWing multiple 
chips to proceed through an LBIST sequence synchronously. 

In accordance With another aspect of the present inven 
tion, the command transfer blocks that implement the hier 
archical control communicate With the STSM using a single 
Wire protocol. The single-Wire, or STSM, protocol 
sequences all clock domains and/or chips through their 
LBIST cycles via a global synchronization signal. Each chip 
comprises one or more satellite command transfer blocks 
coupled to either an OPCG or another command transfer 
block. In particular, command transfer blocks communicate 
With OPCG’s for locally controlling the LBIST sequence; 
and command transfer blocks communicate With peer com 
mand transfer blocks, i.e., on the same level, for globally 
propagating the LBIST synchronization signal. The STSM 
protocol synchronizes LBIST execution across multiple 
participating clock domains or chips, and also determines 
When all chips have completed LBIST operation. 
A master STSM 18 communicates With the topmost 

command transfer block in the hierarchy (i.e, at the highest 
level) by activating and deactivating the global synchroni 
zation signal. The response of each command transfer block 
to the activation or deactivation of the global synchroniza 
tion signal depends on the state thereof. Activation signals, 
i.e., signals used to start operations, are immediately for 
Warded to both command transfer block output ports, as 
described in more detail hereinbeloW. On the other hand, 
deactivation signals are not forWarded until the completion 
of a previously activated operation. In this Way, the master 
STSM advantageously gets feedback that all operations 
Were started as quickly as possible. The deactivation signal 
is not seen by the master STSM until all chips in the chain, 
or hierarchy, have completed the requested operation, as 
re?ected by the state of the command transfer blocks. Upon 
receipt of the deactivation signal, the master STSM can 
initiate a neW request by activating the global synchroniza 
tion signal, since all chips are at the synchronization point. 
The STSM merely repeats each LBIST cycle for the number 
of iterations required to properly LBIST all chips in the 
con?guration. The iteration count is speci?ed in a program 
mable register, for example. (An LBIST cycle comprises a 
scan channel load sequence folloWed by a system clock 
sequence.) 

FIG. 4 illustrates a command transfer block structure in 
accordance With exemplary embodiments of the present 
invention. The embodiment of FIG. 4 is illustrated as having 
a ?rst section 140, shoWn as the “top” section, and a second 
section 150, shoWn as the “bottom” section. (Use of the 
terms top and bottom are for ease of explanation only and do 
not signify order or structure.) The function of the top 
section is to propagate commands quickly across a scalable 
hierarchy. The functions of the bottom section are to propa 
gate commands doWn toWard the OPCG’s, Where the com 
mand is executed, and to synchronize the completion of 
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6 
commands. The protocol is implemented such that com 
mand start events (i.e., global synchronization signal acti 
vated) are quickly forWarded to initiate global execution of 
the command. Synchronization is achieved by not forWard 
ing command completion events (i.e., global synchroniza 
tion signal deactivated) to other command transfer blocks at 
the same level until all loWer level command transfer blocks 
have signaled acceptance of the previous command activa 
tion signal (i.e., represented as BOT_IN:1), and have sub 
sequently signaled completion of the command (i.e., repre 
sented as BOT_IN:0). Completion events are immediately 
forWarded to command transfer blocks at loWer levels (i.e., 
represented as BOT_OUT:0) in order to put the ?rst OPCG 
in a state to immediately forWard its completion event to the 
next OPCG upon completion of the command. FIG. 5 is a 
table illustrating operation of a command transfer block in 
accordance With exemplary embodiments of the present 
invention. 
The activation or deactivation of a single global synchro 

nization signal by the master STSM Will eventually propa 
gate to the OPCG’s. This Will cause a speci?ed operation to 
occur in the OPCG’s, depending on their current state. FIG. 
6 is a table illustrating operation of an OPCG in accordance 
With exemplary embodiments of the present invention. The 
OPCG protocol is as folloWs. The system clock complete 
state is the initial state of the OPCG’s. The global synchro 
nization signal is activated by the master STSM to start the 
scan phase of an LBIST cycle via the transition to the scan 
active state. Each OPCG immediately forWards the activa 
tion signal to the next OPCG in sequence, thereby activating 
the scan active state doWnstream. 

In the scan active state, the satellite STSM initiates an 
LBIST channel load sequence, Wherein the scan channels 
are initialized With random data. Data is simultaneously 
compressed into the signature register (see MISR 16 of FIG. 
1). Upon completion of the channel load sequence, the 
OPCG remains in this state until a deactivated global 
synchronous signal is detected. Once a deactivated value is 
detected, the deactivated global synchronization signal value 
is forWarded to the next OPCG, and this OPCG enters the 
scan complete state. 

In the scan complete state, the global synchronization 
signal is activated by the master STSM to start the system 
clock active state of an LBIST cycle. The OPCG Will 
immediately forWard the activated global synchronization 
signal upon receipt to the next OPCG in sequence, and then 
enter the system clock active state. 

In the system clock active state, the OPCG initiates an 
LBIST system clock sequence, Wherein the system clock(s) 
are activated to affect a state change in the internal logic. 
Upon completion of the system clock sequence, the OPCG 
remains in this state until a deactivated global synchroniza 
tion signal is detected. Once a deactivated value is detected, 
the deactivated global synchronization value is forWarded to 
the next OPCG, and this OPCG enters the system clock 
complete state. 

FIG. 7 is a timing diagram illustrating an exemplary 
single-chip LBIST control hierarchy for a single-chip struc 
ture, such as that of FIG. 3, in accordance With an aspect of 
the present invention. The STSM activates a command 161 
that is quickly propagated through the command transfer 
block hierarchy per signals 162*164 to the OPCG’s. The 
OPCG’s quickly forWard the command to the serially con 
nected OPCG’s (i.e., OPCGA, B, C signal chain 165*167 
and OPCGD, E signal chain 168*169). The master STSM 
launches a synchronization event completion signal 170 
immediately upon seeing acknoWledgement 161A of the 
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activation event during the previous cycle. This propagates 
downward to the ?rst OPCG chain (i.e., associated with 
command transfer block 200) to enable the propagation of 
command completion status. A command completion signal 
is not forwarded until all lower level OPCG’s have com 
pleted the commanded operation. OPCGA completes the 
commanded operation and forwards completion signal 171 
to OPCGB; and OPCGC is the last in the chain to complete 
operation as indicated by signal 172. In particular, a comple 
tion status signal is not forwarded until the current OPCG 
has completed the operation; or, alternatively, is immedi 
ately forwarded if the current OPCG has already completed 
its command upon receipt of the completion event from the 
previous OPCG. Once all OPCG’s have completed the 
commanded operation and have forwarded the completion 
event signal, the completion event will be seen at command 
transfer block 173 (2.BOT_IN). At this point, the com 
manded operation has been completed for all lower levels 
for that command transfer block, and the completion event 
signal is transferred to the next command transfer block at 
the same level per signal 174 (3.TOP_IN). This initiates a 
completion synchronization sequence in the second string of 
OPCG’s (i.e., associated with command transfer block 300) 
per signals 175 and 176, which will eventually be forwarded 
by the associated command transfer block per signal 177 
(3.TOP.OUT), thus propagating the completed operation 
status up the hierarchy to the master STSM 18. The deac 
tivation at 178 comprises acknowledgement to the master 
STSM deactivation at 170, indicating that the commanded 
operation has been completed across all clock domains. 
Subsequently, the master STSM can initiate another com 
mand by raising STSM_OUT 161 again. 

FIG. 8 illustrates an exemplary scalable, hierarchical 
con?guration for logic self-testing of a multi-chip system, 
each having independently developed clock domains, in 
accordance with an aspect of the present invention. For 
purposes of illustration only, FIG. 8 illustrates a system 
having two chips 202 and 302, each having a structure 
similar to chip 102 illustrated in FIG. 3. Those of ordinary 
skill in the art will appreciate that this particular chip 
structure is exemplary only for purposes of illustration and 
does not limit the scope of the invention. 

FIG. 8 further illustrates the scalable, hierarchical control 
con?guration in accordance with an aspect of the present 
invention. In particular, in the illustrated two-chip system, 
two levels of command transfer have been added comprising 
command transfer blocks 100, 200, 300; with the ?rst level 
of command transfer comprising command transfer block 
100, the second level of command transfer comprising 
command transfer blocks 200 and 300, and the third level 
comprising existing internal chip command transfer blocks 
400, 500, 600 and 700. According to the protocol described 
hereinabove, command start events are immediately for 
warded to each command transfer block, in turn, on the same 
level to initiate global execution of the command. However, 
synchronization is achieved by not forwarding command 
completion events to the other command transfer blocks in 
sequence at the same level until all lower level command 
transfer blocks have signaled completion of the command, 
(i.e., BOT_IN:l followed by BOT_IN:0). For example, in 
FIG. 7, until command transfer block 400 gets feedback 
from the control chain comprising OPCG A1, OPCGBI and 
OPCGCl that the commanded sequence has been com 
pleted, then the completion event will not be forwarded to 
command transfer block 500. In like manner, the command 
will not be forwarded from command transfer block 200 to 
command transfer block 300 until command transfer block 
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8 
200 gets feedback that the commanded operation has been 
completed by both command chains comprising blocks 400 
and 500. In this way, synchroniZation of LBIST testing of 
multiple chips having independently developed clock 
domains is advantageously achieved on a scalable basis, 
without requiring a priori knowledge of the independent 
clock domain requirements. 
The present invention can be included in an article of 

manufacture (e. g., one or more computer program products) 
having, for instance, computer usable media. The media has 
embodied therein, for instance, computer readable program 
code means for providing and facilitating the capabilities of 
the present invention. The article of manufacture can be 
included as a part of a computer system or sold separately. 

Additionally, at least one program storage device readable 
by a machine embodying at least one program of instruc 
tions executable by the machine to perform the capabilities 
of the present invention can be provided. 

Although preferred embodiments have been depicted and 
described in detail herein, it will be apparent to those skilled 
in the relevant art that various modi?cations, additions, 
substitutions and the like can be made without departing 
from the spirit of the invention and these are therefore 
considered to be within the scope of the invention as de?ned 
in the following claims. 
What is claimed is: 
1. A system for testing integrated circuitry comprising a 

plurality of clock domains and at least one integrated circuit 
chip, the system comprising: 

a command transfer control hierarchy comprising a plu 
rality of control levels, including a ?rst level compris 
ing a master command transfer control, and including 
at least one additional lower level, each lower level 
having a plurality of command transfer controls con 
?gured serially, each command transfer control of a last 
level being associated with at least one of the clock 
domains , the command transfer control hierarchy 
being scalable, the master command transfer control 
and each command transfer control each having an 
equal number of input lines and output lines; 

a communication protocol for communicating commands 
among the control levels; and 

wherein command activation signals are immediately 
propagated serially from the ?rst level to lower levels, 
and serially across command transfer controls in each 
level; and wherein command deactivation signals are 
communicated serially among and across control levels 
upon receipt of feedback from all lower levels that a 
commanded operation has been completed. 

2. The system of claim 1, wherein the communication 
protocol comprises a global synchroniZation signal. 

3. The system of claim 1, comprising an LBIST system. 
4. The system of claim 3, wherein the command transfer 

control hierarchy controls the LBIST system such that 
LBIST testing is performed on the clock domains synchro 
nously. 

5. The system of claim 3, comprising a plurality of 
integrated circuit chips, wherein the command transfer con 
trol hierarchy controls the LBIST system such that LBIST 
testing is performed on the clock domains and across the 
chips synchronously. 

6. A method for testing integrated circuitry comprising a 
plurality of clock domains and at least one integrated circuit 
chip, comprising: 

providing a command transfer control hierarchy compris 
ing a plurality of control levels, including a ?rst level 
comprising a master command transfer control, and 
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including at least one additional lower level, each lower 
level having a plurality of command transfer controls 
con?gured serially, each command transfer control of a 
last level being associated With at least one of the clock 
domains, the command transfer control hierarchy being 
scalable, the master command transfer control and each 
command transfer control each having an equal number 
of input lines and output lines; 

providing a communication protocol for communicating 
commands among the control levels; and 

Wherein command activation signals are immediately 
propagated serially from the ?rst level to loWer levels, 
and serially across command transfer controls in each 
level; and Wherein command deactivation signals are 
communicated serially among and across control levels 
upon receipt of feedback from all loWer levels that a 
commanded operation has been completed. 

7. The method of claim 6, Wherein the communication 
protocol comprises a global synchronization signal. 

8. The method of claim 6, comprising an LBIST system. 
9. The method of claim 8, Wherein the command transfer 

control hierarchy controls the LBIST system such that 
LBIST testing is performed on the clock domains synchro 
nously. 

10. The method of claim 8, comprising a plurality of 
integrated circuit chips, Wherein the command transfer con 
trol hierarchy controls the LBIST system such that LBIST 
testing is performed on the clock domains and across the 
chips synchronously. 

11. An article of manufacture, comprising: 
at least one computer usable medium having computer 

readable program code means embodied therein for 
effecting testing of integrated circuitry comprising a 
plurality of clock domains and at least one integrated 
circuit chip, the computer readable program code 
means in the article of manufacture comprising: 
computer readable code means for providing a com 
mand transfer control hierarchy comprising a plural 
ity of control levels, including a ?rst level compris 
ing a master command transfer control, and 
including at least one additional loWer level, each 
loWer level having a plurality of command transfer 
controls con?gured serially, each command transfer 
control of a last level being associated With at least 
one of the clock domains, the command transfer 
control hierarchy being scalable, the master com 
mand transfer control and each command transfer 
control each having an equal number of input lines 
and output lines; 

computer readable code means for providing a com 
munication protocol for communicating commands 
among the control levels; and 

Wherein command activation signals are immediately 
propagated serially from the ?rst level to loWer 
levels, and serially across command transfer controls 
in each level; and Wherein command deactivation 
signals are communicated serially among and across 
control levels upon receipt of feedback from all 
loWer levels that a commanded operation has been 
completed. 
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12. The article of manufacture of claim 11, Wherein the 

communication protocol comprises a global synchronization 
signal. 

13. The article of manufacture of claim 11, Wherein the 
testing comprises LBIST. 

14. The article of manufacture of claim 13, Wherein the 
command transfer control hierarchy controls the LBIST 
testing such that testing is performed on all clock domains 
synchronously. 

15. The article of manufacture of claim 13, comprising a 
plurality of integrated circuit chips, Wherein the command 
transfer control hierarchy controls the LBIST testing such 
that testing is performed on the clock domains and across the 
chips synchronously. 

16. At least one program storage device readable by a 
machine, tangibly embodying at least one program of 
instructions executable by the machine to perform a method 
for testing integrated circuitry comprising a plurality of 
clock domains, the method comprising: 

providing a command transfer control hierarchy compris 
ing a plurality of control levels, including a ?rst level 
comprising a master command transfer control, and 
including at least one additional loWer level, each loWer 
level having a plurality of command transfer controls 
con?gured serially, each command transfer control of a 
last level being associated With at least one of the clock 
domains, the command transfer control hierarchy being 
scalable, the master command transfer control and each 
command transfer control each having an equal number 
of input lines and output lines; 

providing a communication protocol for communicating 
commands among the control levels; and 

Wherein command activation signals are immediately 
propagated serially from the ?rst level to loWer levels, 
and serially across command transfer controls in each 
level; and Wherein command deactivation signals are 
communicated serially among and across control levels 
upon receipt of feedback from all loWer levels that a 
commanded operation has been completed. 

17. The program storage device of claim 16, Wherein the 
communication protocol comprises a global synchronization 
signal. 

18. The program storage device of claim 16, Wherein the 
method comprises LBIST. 

19. The program storage device of claim 18, Wherein the 
command transfer control hierarchy controls the LBIST 
method such that LBIST testing is performed on the clock 
domains synchronously. 

20. The program storage device of claim 18, comprising 
a plurality of integrated circuit chips, Wherein the command 
transfer control hierarchy controls the LBIST method such 
that LBIST testing is performed on the clock domains and 
across the chips synchronously. 


